HEAT EXCHANGE 


Safely design brazed aluminum heat 
exchangers to avoid thermal shock 


Although brazed aluminum heat ex- 
changers (BAHEs) are designed per 
American Society of Mechanical En- 
gineers (ASME) Pressure Vessel Code 
Section 8, they are still very sensitive to 
temperature fluctuations. The corru- 
gated aluminum plates are tightly brazed 
with one another, and they expand and 
contract together. This expansion/con- 
traction between the corrugated plates 
or other parts of the BAHE can be dis- 
proportionate if the rate of temperature 
change is high, resulting in metal fatigue 
and possible cracks or leaks. 

The material will be slightly deformed 
due to these external forces. If these forc- 
es are lower than its yield strength, then 
the material will return to its original 
shape as the forces are removed. How- 
ever, if these low forces due to tempera- 
ture changes are repeated regularly, then 
the material can be thermally fatigued 
and cause fatigue cracking. Process fluid 
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can leak to atmosphere or adjacent layers 
from these cracks. 

If the brazing joints between the fins 
and cap sheet fail due to thermal fatigue, it 
will increase the stresses on adjacent joints 
and cause a possible chain failure on the 
fin matrix. This chain reaction can result 
in sudden rupture at an operating pres- 
sure that is less than the design pressure. It 
means that the BAHE passes must be de- 
pressurized by removing the process fluid, 
which would help reduce the stresses. 

Further dialogue between designers, 
manufacturers and operators is necessary 
to evaluate the impact of cyclic tempera- 
ture fluctuations, which depend on the 
size and configuration of the BAHE. 

The Brazed Aluminum Plate Fin Heat 
Exchanger Manufacturers’ Association 
(ALPEMA) recommends not to exceed 
the rate of temperature change across any 
heat exchanger pass beyond 2°C/min 
or 60°C/hr, as high thermal stresses can 
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FIG. 1. Effect of pressure reduction on a gas of 80 mol% methane, 10 mol% ethane, 


10 mol% propane. 
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damage the aluminum cores.’ If stream 
temperature changes are cyclic or recur- 
ring, then the allowable rate of tempera- 
ture must be less than 1°C/min to pre- 
vent thermal fatigue. 

Some operators do not strictly follow 
these limits during heating or cooling 
operations (e.g., startup, shutdown and 
emergency depressurizing). Generally, 
the ALPEMA members allow up to 5°C/ 
min for these not-so-frequent-scenarios. 
If a BAHE experiences high-temperature 
changes for a longer period of time, then 
the manufacturer or maintenance experts 
should be consulted for inspection and 
possible leak tests or maintenance. 

For example, on June 27, 2016, Enter- 
prise Products’ gas plant in Pascagoula, 
Mississippi saw the failure of a BAHE, 
which resulted in a major loss of contain- 
ment that shut down the plant for 6 mos. 
This article suggests how to safely design 
and operate BAHEs to avoid thermal shock 
and fatigue. This will also help remove the 
“black box” tag from these heat exchangers. 


Should BAHEs be depressurized? 
Two practices are mostly followed for 
depressurizing of BAHE passes in case 
of an emergency situation, e.g., fire and 
gas detection: 

1. Provide shutdown valves at the 
inlet/outlet of each pass and keep 
the exchanger under pressure 

2. Depressurize in a controlled 
manner to remove the inventory. 

Some companies decide not to depres- 

surize the BAHE and leave the liquid/ 
vapor inventory inside the cores in case 
of emergency, including confirmed fire 
and gas detection. With this approach, au- 
tomatic emergency shutdown valves are 
provided at the inlet and outlet of all passes 
and are forced closed in case of external fire 
or manual shutdown by an operator. These 


valves should have a tight shutoff and be 
fireproof to sustain heat for at least 4 hr. 
After the emergency is over and the 
main equipment has been depressurized, 
opening the isolation valve to restart the 
passes can be challenging, as it will mix 
the warm and cold fluids at either side 
of the valve. This will result in a high rate 
of temperature change. It may be advis- 
able to depressurize the passes at a slow 
pace, using a vent connection equipped 
with a restriction orifice. The main iso- 
lation valves can be opened when both 
upstream and downstream fluids achieve 
similar temperatures. Placing a fast-clos- 
ing shutdown valve downstream of the 
cold box can result in a sudden surge on 
the BAHE pass. Surge analysis will be re- 
quired to ensure the mechanical integrity. 
The other, preferred option is to depres- 
surize all the passes in case of a confirmed 
fire, as a large fire can damage the external 
carbon steel box and reach the ASME Sec- 
tion 8 designed BAHE cores. Following 
this philosophy will bring each pass under 
a particular “depressurizing section” be- 
tween the isolation valves equipped with 
a blowdown valve and a restriction orifice. 
Detailed dynamic simulations are needed 
for this option to ensure that the rate of 
temperature change during depressurizing 
remains within the allowable limit. 


Temperature sensitivity of liquids. 
Liquid passes of a BAHE are more sensi- 
tive to temperature changes due to their 
higher heat capacity than vapors. Al- 
though not clearly specified by ALPEMA, 
API 662 or other standards/practices, the 
2°C/min criteria could be applied on the 
bulk fluid or the actual metal tempera- 
tures, although these are entirely different 
approaches. Misconception can result in 
sub-optimal design of BAHE facilities. 

In an ideal world considering isentro- 
pic depressurizing, lighter gaseous com- 
ponents cool down to lower temperatures, 
compared to liquids, due to the lower heat 
capacity of vapor. For example, pure C.,, 
C, and C, are isentropically depressurized 
from 60 barg and 30°C to atmospheric 
pressure, and the final temperatures are 
found to be —89°C, —42°C and —12°C, 
respectively. If the pressure of these pure 
components is reduced in fixed time (e.g, 
15 min), then the dT /dt of bulk C, would 
be greater than the heavier hydrocarbons. 

This approach, however, is not conser- 
vative for BAHE metal, as the metal mass 
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FIG. 2. Effect of pressure reduction on liquid of 50 mol% ethane, 35 mol% propane, 10 mol% 


butane and 5% pentane. 
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FIG. 3. Temperature fluctuations across the BAHE due to control valve failure. 


in direct contact with liquid cools to a 
lower temperature than the metal mass in 
direct contact with vapors. This makes liq- 
uid handling of BAHE passes more sensi- 
tive and fragile than those handling vapors. 
This approach was demonstrated for pres- 
sure vessels”? and is elaborated in this arti- 
cle for BAHE. Recording the actual metal 
temperature provides actual effect for the 
aluminum metal, particularly for the liquid 
streams at the lower end of the BAHE. 

As a case study for this understand- 
ing, a gas mixture (80 mol% methane, 10 
mol% ethane, 10 mol% propane) is de- 
pressurized from 60 barg and 30°C to at- 
mospheric pressure. The actual tempera- 


tures of bulk fluids and metal are presented 
in FIG. 1. The rate of temperature change is 
presented in TABLE 1. The wall temperature 
in direct contact with liquids was found to 
be much lower compared to the wall tem- 
perature in direct contact with vapors. 

As the heat capacity of the gases is low- 
er than that of the liquids, the temperature 
of the gases is reduced faster than the tem- 
perature of the liquids at the beginning of 
the depressurizing process, which means 
that the dT/dt for gases is higher than 
that of the liquids. After a short time, the 
temperature of the gases starts to increase 
due to heat intake from metal mass. The 
temperature of metal in contact with gas is 
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TABLE 1. Rate of temperature change for a light gas of 80 mol% methane, 


10 mol% ethane and 10 mol% propane 





dT/dt for dT/dt for 
bulk vapor, bulk liquid, 
Time °C/min °C/min 

] 16 6.2 
2 12.4 7 

5 23 2d 
4 ] 2.4 
5 0.3 25 
6 -0.2 2.5 
7 =0:5 22 
8 -Q,7 a2 
9 -0.8 Oa 
10 -0.8 22 
11 -0.7 2.2 
12 =(.5 2.2 
13 -0.4 2.1 
14 =0.2 2 

15 -0.1 2 


dT/dt for metal 
wall in contact 
with vapor, °C/min 


dT/dt for metal 
wall in contact 
with liquid, °C/min 


0.8 4./ 
1.9 6.8 
0.6 2.4 
0.5 2.1 
0.4 22 
0.5 2.1 
0.2 2.1 
O02 2.) 
0.2 2.) 
O2 2.1 
0.1 2.1 
0.1 2 
0.1 2 

0.1 2 

0.1 1.9 


TABLE 2. Rate of temperature change for a liquid of 50 mol% ethane, 35 mol% propane, 


10 mol% butane and 5% pentane. 





dT/dt for dT/dt for 
bulk vapor, bulk liquid, 
Time °C/min °C/min 

] 4.3 4. 
2 6.4 6.3 
5 2.1 24 
4 1.6 20 
5 1.3 2.4 
6 1.1 2.4 
7 0.9 25 
8 0.8 22 
9 0.8 2.1 
10 0.7 2.1 
11 0.6 Zz 

12 0.6 1g 
13 0.5 Ls 
14 0.5 1.8 
15 0.5 17 


slightly reduced. As the thermal conduc- 
tivity of gas is low, the metal in direct con- 
tact with gas does not cool down to match 
the gas temperature. The temperature dif- 
ference between the metal and bulk gas is 
found to be quite high (> 20°C). 

Liquid temperature is consistently re- 
duced during the depressurizing process. 
Liquid also takes in heat from metal; how- 
ever, due to the higher heat capacity of 


dT/dt for metal 
wall in contact 
with vapor, °C/min 


dT/dt for metal 
wall in contact 
with liquid, °C/min 


0.1 2 
0.4 5.6 
0.2 2.6 
0.2 25 
0.2 2.4 
0.2 2.5 
O2 22 
02 22 
0.2 2.1 
0.2 2 
0.1 2 
0.1 1.9 
0.1 1.8 
0.1 1.8 
0.1 LZ 


liquids, the temperature of metal in direct 
contact with liquid is also reduced and 
liquid temperature does not increase. As 
thermal conductivity of liquid is higher 
than gas, the liquid portion of fluid ex- 
tracts heat from vessel walls and cools the 
metal. The temperature difference be- 
tween the metal and bulk liquid is quite 
low (< S°C). The overall temperature of 
the liquids is lower than that of the gases 


52 NOVEMBER/DECEMBER 2020 | GasProcessingNews.com 


because gases will regain temperature 
from metal walls during depressurizing, 
resulting in higher final temperatures. 

As previously explained, the rate of 
temperature change (dT/dt) for the bulk 
gas is higher than for the bulk liquid due 
to a difference in heat capacity. The rate of 
temperature change of the metal is much 
higher for the metal wall in direct contact 
with liquid, in comparison with the metal 
wall in direct contact with vapor, due to 
a difference in thermal conductivity and 
heat capacity. Note: The rate of tempera- 
ture change of the metal should be com- 
pared with the maximum allowable 2°C/ 
min criteria instead of bulk fluid tempera- 
tures, as quick changes in metal tempera- 
ture can cause thermal stresses and perma- 
nent physical damage to a BAHE. 

FIG. 2 shows the results of another 
sensitivity analysis for a heavier liquid of 
50 mol% ethane, 35 mol% propane, 10 
mol% butane and 5% pentane. Similar 
to the analysis for the light gas, the metal 
temperature in direct contact with the 
liquid experienced a higher temperature 
drop compared to the metal in direct 
contact with the gas. 

Similar to the analysis for the light gas, 
the rate of temperature change for metal 
in direct contact with the liquid is higher 
than the metal in direct contact with the 
gas (TABLE 2). The startup, shutdown and 
depressurizing of the liquid systems must 
be analyzed very carefully to avoid high 
thermal stresses. 

The vapor-liquid ratio in the BAHE 
passes can change during an upset condi- 
tion due to the boiling or condensation 
process, leading to variable and localized 
temperature changes. The variable vapor- 
liquid fraction in the BAHE can also ther- 
mally stress the BAHE, even when tem- 
perature differences at the inlet and outlet 
remain low. If slugs form in the vertical 
BAHE passes, then the heat transfer will 
vary due to different heat capacity/thermal 
conductivity of liquid and vapors. This can 
result in higher temperature changes and 
oscillation of metal particles. The operator 
may wish to drain liquid from some passes 
of the BAHE during upset conditions such 
as startup or shutdown, in an effort to 
control the heat transfer. This will help re- 
move the liquid from the cold box quickly. 


Depressurizing valve at cooler end. 
It is also important to provide a depres- 
surizing valve at the cooler end of the 
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TABLE 3. Case study for two BAHEs comparing the rate of temperature change (external fire case) 





Depressurizing Design pressure, 


section barg 
Seven-pass gas/gas BAHE 
Pass A 75 
Pass B 75 
Pass C g2 
Pass D 75 
Pass E 58 
Pass F 50 
Pass G 75 
Four-pass reboiler BAHE 
Pass A 15 
Pass B 58 
Pass C 58 
Pass D 58 


BAHE pass so that the cold stream can be 
further cooled with respect to pressure 
reduction, which means the rate of tem- 
perature change across the BAHE will 
be lower. Conversely, if a depressurizing 
valve is provided at the hot side, then 
opening of the valve will push cold liquid 
toward it through the cold box pass, re- 
sulting in high temperature change across 
the cold box pass. 

The location of the depressurizing 
valve can allow the use of carbon steel 
material instead of stainless steel, result- 
ing in considerable cost reduction in pip- 
ing, valves and fittings. For example, the 
piping at the cold side of the BAHE pass 
is stainless steel, and the warm side of 
the same pass is carbon steel. If tapping 
of the depressurizing valve happens at 
the cold, stainless steel side, then the low 
temperature during depressurizing may 
not require a change from carbon steel to 
stainless steel, as the warm fluid will mi- 
grate through the blowdown valve during 
depressurizing and the temperature at 
the warm side can remain within the car- 
bon steel temperature limit. 

In another case, if the tapping of the de- 
pressurizing valve is placed on the warm 
carbon steel side, then the temperature of 
this side will be reduced during depressur- 
izing. If the depressurizing temperature is 
less than the carbon steel limit, then the 
stainless steel material should be used. 

The settle-out temperature of the en- 
tire section at the upstream and down- 


dT/dt, °C/min 


Depressurization from design pressure 
to 6.9 barg 


Time to reach 6.9 barg, min 


14 15 
14 15 
28 15 
10 15 
3 15 
5 15 
14 15 
14 15 
3 15 
3 15 
5 15 


dT/dt, °C/min 


Depressurization from design pressure 
to 50% of design pressure 


Time to reach 6.9 barg, min 


5 51 
S 51 
5 49 
a 54 
5 40 
2 15 
1 51 
5 is) 
1 40 
2 40 
1 40 





TABLE 4. Rates of temperature change for two BAHEs 


Spurious depressurizing 


Depressurization from Depressurization from design 


Depressurizing 
section 


Design pressure, 
barg 


Seven-pass gas/gas BAHE 


Pass A 75 
Pass B 75 
Pass C 92 
Pass D 75 
Pass E 58 
Pass F 50 
Pass G 75 
Four-pass reboiler BAHE 
Pass A 75 
Pass B 58 
Pass C 58 
Pass D 58 


stream of the BAHE pass should also be 
checked for pressurized shutdown (with- 
out depressurizing) to ensure the use of 
the carbon steel material. 


Depressurize slowly. Equipment de- 
signed as per ASME Section 8 are depres- 
surized in case of external fire. Internal 
pressure is quickly reduced to keep the 
stresses below the rupture stress. 

These equipment, including BAHE 
passes, are depressurized within 15 min to 
either 6.9 barg or to 50% of design pressure. 


design pressure to 6.9 
barg, dT/dt, °C/min 


pressure to 50% of design 
pressure, dT/dt, °C/min 


18 5 
8 D 
17 5 
14 5 

5 
4 4 
28 5 
18 4 
2 ] 


For a high-design-pressure BAHE, it can 
be challenging to depressurize the passes 
to 6.9 barg while keeping a maximum tem- 
perature change criterion of $°C/min. 

TABLE 3 show data for a case study for 
the depressurization of two BAHEs com- 
prising high and low design pressure pass- 
es. It compares the rate of temperature 
change (dT/dt) with regard to the design 
pressure and whether the pass should be 
depressurized to 6.9 barg or to 50% of de- 
sign pressure. 

Once the restriction orifice is sized for 
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FIG. 4. Temperature fluctuations across the BAHE if opening is capped. 
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FIG. 5. Temperature fluctuations across the BAHE for slow response time of control valve. 


the external fire case, as per TABLE 3, the 
rate of depressurizing for spurious depres- 
surizing (due to false fire and gas detection 
or operator error) is also impacted. Note 
that the non-fire case (spurious depressur- 
izing) has no time criteria. 

TABLE 4 presents the rate of tempera- 
ture change for spurious depressurizing 
from operating pressure to 6.9 barg and to 
50% design pressure to reduce the temper- 
ature fluctuations. As can be seen in TABLE 
4, the rate of temperature change is signifi- 
cantly higher than the allowable limit if the 
pass is depressurized very quickly—ie., 
from design pressure to 6.9 barg within 15 
min. This will result in higher stresses that 
can accumulate in the case of frequent de- 
pressurization, leading to possible leakage. 
Risk levels in this case are medium to high. 

In the other case, the depressurizing 
system is designed so that the pressure is 


reduced from design pressure to 50% de- 
sign pressure. This way, the temperature 
changes are within allowable stress limits 
and the risk level is low. 

Temperature changes are also higher 
for high-design-pressure passes (75 barg 
and 92 barg) because significant moles of 
fluid are quickly released from high pres- 
sure due to high pressure drop across the 
restriction orifice. 


Control valves sizing. Control valves 
with a larger size than required or quick 
response time can result in high tempera- 
ture fluctuations, particularly for the high- 
pressure-drop valves commonly used in 
cryogenic plants. Inadvertent fail-open for 
these control valves can lead to a major 
upset condition for BAHE operating tem- 
peratures. Frequent failure of any of these 
control valves might result in accumula- 
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tion of thermal stresses, which may reduce 
the BAHE life and cause integrity issues. 

In case of very critical service, a small 
restriction orifice or needle valve with 
a removed handle can be added at the 
air supply/return line to restrict the fast 
movement of sensitive control valves. The 
function and location of these orifices/ 
valves must be logged in the safety register. 

Case study for control valve fail 
opening at BAHE. The dynamic simu- 
lation results of a sudden control valve 
failure at an NGL extraction facility are 
shown in FIG. 3. The control valve re- 
sponse time is 10 sec from normal 76% 
opening to 100%, resulting in high dT/dt 
across all seven passes of the BAHE under 
consideration. This temperature fluctua- 
tion is very high across the passes soon af- 
ter the control valve failure and is as high 
as 23°C/min in Pass D. The impact will 
be diluted in time, as the other equipment 
and control system around the BAHE re- 
spond to reduce the impact. 

If opening of FV-01 is limited to 10% 
above the normal opening via mechanical 
stopper or soft stopper in the distributed 
control system (DCS), then temperature 
fluctuations will be significantly reduced. 
The result of sudden control valve open- 
ing from normal 76% to a maximum of 
86% is shown in FIG. 4. 

An inadvertent operator error can also 
force the control valve to a higher open- 
ing/closing percentage, resulting in high 
dT/dt. To avoid this issue, a slow re- 
sponse time can be built into the control 
valve's logic. 

A reverse calculation is performed to 
limit the dT/dt to 2°C/min by reduc- 
ing the control valve response time in 
the DCS/programmable logic control- 
ler (PLC) control system. This slow re- 
sponse time will avoid quick opening 
of the control valve, even if the operator 
forces the control valve to an open posi- 
tion in manual control. 

If the ramp-up function is slowed via 
DCS function, it will take 25 min to open 
from 76% to 100% while avoiding high 
dT/dt across the gas/gas heat exchanger 
(FIG. 5). For this sensitivity analysis, the 
opening time of 25 min is back-calculat- 
ed by maintaining dT /dt within the limit 
of 2°C/min. 


Failure at Pascagoula plant. On June 
27,2016, Enterprise Products’ gas plant in 
Pascagoula, Mississippi saw the failure ofa 
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FIG. 6. BAHE diagram showing cap sheet. 


BAHE that resulted in a major loss of con- 
tainment and a 6-month plant shutdown. 
The U.S. Chemical Safety and Hazard In- 
vestigation Board (CSB) published a case 
study* of the incident that highlights some 
of the design and operation flaws. 

The CSB investigation found that the 
most likely initial event was the failure of 
a BAHE cap sheet (a side cover plate and 
portions of several layers; see FIG. 6) and 
that this was most likely caused by ther- 
mal fatigue cracking (crack growth due to 
thermal cycling and excursions outside 
the recommended limit of 2°C/min) re- 
sulting in “accumulated thermal fatigue.’ 

Although not discussed in the report 
for the Pascagoula gas facility, the photo- 
graphs contained in report show the fol- 
lowing design faults: 

« The BAHEs do not appear to have 
been installed in cold boxes/casing, 
which would have been filled with 
perlite insulation and continuously 
purged with nitrogen. 

¢ Structural steel within the vicinity 
of the fire does not appear to have 
been fireproofed, and deformation 
is visible. The report states that 
the site experienced 13 different 
ruptures of piping and equipment 
during the incident. 

¢ General insulation inside the plant 
does not appear to have stainless 
steel cladding. 

The CBS has eliminated other possi- 
ble causes, including over-pressurization, 
ice formation, thermal shock, corrosion 
and mercury embrittlement. 

The Pascagoula plant’s BAHE failed 
as a result of process fluids leaking into 
outer layers of the exchanger due to ther- 
mal fatigue damage. These outer layers 
were blocked, with no relief venting, after 
a previous repair for thermal fatigue-in- 
duced cracking. They became over-pres- 
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FIG. 7. Historical data for the Pascagoula gas plant showing total min/yr that the temperature 
changes were higher than 1°C/min. The red dots indicate years of actual leakage; the leaks 


were later repaired.* 
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FIG. 8. Historical data for the Pascagoula gas facility. 


surized and catastrophically ruptured. 
The failure of the cap sheet occurred due 
to several factors: 
1. The existence of blocked layers 
within the exchanger 
2. The development of thermal 
fatigue cracks in the parting sheet 
adjacent to the blocked layers 
3. The separation of at least one layer 
from the core of the exchanger 
4. The expansion of the accumulated 
fluid in the blocked layer 
due to heating 
5. The absence of venting or 
draining to allow the accumulated 


fluid to readily escape from 


the blocked layer. 


Predicting thermal fatigues. ALPE- 
MA and API 662 guidelines of 2°C/min 
during startup/shutdown and 1°C dur- 
ing cyclic operation do not provide any 
comparison among these temperature 
fluctuations, their resulting theoretical 
thermal stresses and actual historical con- 
ditions on BAHEs in the real world to cal- 
culate potential leakages. No guidelines 
are available to describe how much time 
above 2°C/min is allowed, or when an 
inspection or leak test is warranted if the 
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exchanger has been exposed to a number 
of cycles above this dT/dt guideline. 

Repeat thermal fatigue will eventually 
result in leaks. No reliable way exists to di- 
rectly measure fatigue damage before it re- 
sults in a leak. This is mainly due to com- 
plexities involved with the causes, such 
as frequency of temperature fluctuations, 
the duration of each cycle and the extent 
of temperature variations. Nevertheless, 
the majority of BAHEs that experience 
thermal stress cracking, either from high- 
cycle fatigue or from low-cycle thermal 
shock events, exhibit small leaks that can 
be detected and repaired in the field. 

As per API 572,° “It is important for 
the owner-user and the inspector to un- 
derstand that fatigue cracking is likely to 
cause vessel failure before detection with 
any non-destructive methods. Of the fa- 
tigue cycles required to produce failure, 
the vast majority are required to initiate 
cracking, and relatively few cycles are re- 
quired to propagate the crack to failure.” 

After the failure of the BAHE at the 
Pascagoula facility, the CSB calculated 
historical temperature fluctuations for the 
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inlet and outlet streams.°”* The data is 
plotted in FIG. 7, Meanwhile, FIG. 8 shows 
the time period for high-temperature 
fluctuations per unit time. Temperature 
fluctuations (dT/dt) are categorized into 
five temperature ranges, split between 
two graphs, to illustrate the magnitude of 
stream temperature changes. 

Note: The Y axis scale is different for 
the graphs in FIG. 7 and FIG. 8. The CSB 
compiled the data without filtering the 
startup, shutdown or upset conditions. It 
is also possible that these numbers were 
very high, as the full data is not available.’ 

The plot in FIG. 8 demonstrates that 
high dT/dt lasted a long time—some- 
times even several days. This happened 
every year from 1999-2006, which did 
not result in immediate leakage; how- 
ever, accumulated thermal fatigue dur- 
ing this time resulted in leakages in 
2007, 2011, 2014 and 2015. Although 
these leaks were repaired, the localized 
repairs could not reverse the thermal fa- 
tigue accumulated on other parts of the 
exchanger that had not yet resulted in a 
leak. Literature suggests that “there is no 
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way to reverse damage accumulation due 
to thermal fatigue.”® 

It appears that operators were more 
vigilant in reducing the temperature vari- 
ations after the first leak in 2007. How- 
ever, the accumulated thermal stresses 
had already damaged various sections of 
the BAHE. Even small variations in tem- 
perature or pressure swings resulted in 
regular leaks, which resulted in the major 
accident in 2016. GP 
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InstruCalc 9.0 calculates the size of control valves, flow elements and relief devices and calculates 
fluid properties, pipe pressure loss and liquid waterhammer flow. Easy to use and accurate, it is the 
only sizing program you need, enabling you to: 


e Size more than 50 different instruments 
e Calculate process data at flow conditions for 54 fluids, in either mixtures or 
single components, and 66 gases 
e« Calculate the orifice size, flowrate or differential range, which enables the user to 
select the flowrate with optimum accuracy. 


Updates include Engineering Standard Upgrades and Operational 
Improvements in InstruCalc Version 9.0 


For More Information: 


Contact J’Nette Davis-Nichols at 
GulfPub.com/InstruCalc or call 


+] (713) 520-4426. 
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